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AERIAL  PHOTO  VOLUME  TABLES 
FOR  INTERIOR  ALASKA  TREE  SPECIES 

Paul  M.  Haack 

Aerial  photo  volume  tables  have  particular  utility  for  extensive  forest 
inventories  of  large,  remote  areas.     Much  field  time  and  travel  cost  can  be 
saved,  yet  the  sampling  precision  can  be  kept  within  set  goals. 

The  tables  in  this  report  were  developed  mainly  for  the  inventory-^/  of 
230  million  acres  of  Alaska's  interior.  However,  other  land  managers  may 
also  find  them  of  value. 

FIELD  DATA 

Current  aerial  photograph  coverage  of  five  general  areas  was  used  in 
the  study.    Photo  scales  varied  from  1:2,400  to  1:14,000  with  the  majority 
around  1:5,000.    Prints  from  infra-red  film  exposed  with  a  minus  blue  filter 
predominated.    This  type  was  later  chosen  for  the  inventory. 

Various  forest  condition  classes,  each  at  least  one  acre  in  extent, 
were  located  on  the  photos.     One-half-acre  field  plots  were  established 
within  these  condition  classes  and  marked  on  the  photos.     Trees  were 
tallied  by  heights  and  diameters.    Only  plots  on  productive  forest  land  were 
used  to  develop  the  tables.   At  least  80  percent  of  the  total  crown  closure 
(in  trees  5.0  inches  diameter  breast  height  and  larger)  was  required  to  be  in 
a  single  major  species-type. 


1/    Part  of  the  Forest  Survey  project  of  the  U.  S.  Forest  Service. 


DEVELOPING  THE  TABLES 


Gross  cubic-foot  volume  per  acre  for  all  live  trees  5.0  inches  d.b.h. 
and  larger  was  derived  from  Lree  volume  tables  based  on  1-inch  d.b.h.  and 
5-foot  height  classes.-^/   Gross  board-foot  volume  per  acre  for  white  spruce 
(Picea  glauca)  and  black  spruce  (P.  mariana)  9.0  inches  d.b.h.  and  larger, 
paper  birch  (Betula  papyrif era) ,  quaking  aspen  (Populus  tremulpides) ,  and 
poplar  (mainly  P.  balsamifera)  11.0  inches  d.b.h.  and  larger,  was  compiled 
from  tree  volume  tables.       Tamarack  (Larix  laricina)  was  included  with 
spruce.    Gross  plot  volume  was  correlated  with  two  basic  variables: 
(1)  average  height  of  the  five  tallest  trees  of  the  predominant  species  as 
measured  from  the  ground,  and  (2)  crown  closure,  of  live  trees  5.0  inches 
d.b.h.  and  larger  from  micro-dot-grid  counts  on  aerial  photos. 

Gross  plot  volume  was  plotted  over  various  powers,  combinations, 
and  logarithmic  transformations  of  the  basic  independent  variables.  The 
most  promising  independent  variables  for  species  and  species  groups  were 
used  in  regression  analyses.-^/   The  best  predictive  equation  is  given 
beneath  each  table. 

ESTIMATING  VOLUME  FOR  MIXED  STANDS 

Plots  in  23  mixed  stands  (stands  with  associated  species  comprising 
over  20  percent  of  the  crown  closure)  were  analyzed.    It  was  hypothesized 
that  the  volumes  for  the  spruce  and  hardwood  components  were  predictable 
from  the  aerial  photo  volume  tables  based  on  the  height  and  crown  closure 
classes  of  each  component,  disregarding  possible  covariance. 

Field  volumes  were  graphed  over  tabular  volumes  for  each  species 
component  and  for  all  species  combined.    The  mean  differences  between 
field  and  tabular  volumes  for  the  cubic-  and  board-foot  hardwood  components 
were  highly  significant.   After  adjustment  by  regression,  the  mean  differ- 
ences were  not  significant.    Cubic-  and  board-foot  spruce  volumes  required 


2/    Haack,  Paul  M.     Tree  volume  tables  for  interior  Alaska  tree 
species.     1963.     (In  preparation  for  publication,  Northern  Forest  Expt. 
Sta.,  U.  S.  Forest  Serv.,  Juneau,  Alaska.) 

3_/    Boles,  James  N.     40-series — stepwise  regression  system.     Cal.  Agr. 
Expt.  Sta.,  Dept.  of  Agr.  Econ.,  U.  of  Cal.,  Berkeley,  43  pp.  dittoed, 
June  1962. 
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no  adjustments.    Logical  relationships  were  maintained  in  the  volume  dis- 
tribution among  stand  components.    Thus,  volume  in  mixed  stands  can  be 
predicted  as  follows: 


Objective 

Predictor 

(1) 

Spruce  component,  cu 

.  ft. /a 

Table  1  value 

(2) 

Hardwood  component, 

cu.  ft. /a 

(Table  3  value)  (1.366) 

(3) 

Plot  total,  cu.  ft. /a 

(1)  +  (2) 

(4) 

Spruce  component,  bd 

.  ft. /a 

Table  2  value 

(5) 

Hardwood  component, 

bd.  ft. /a 

(Table  4  value)  +  400 

(6) 

Plot  total,  bd.  ft. /a 

(4)  +  (5) 

CONSIDERATIONS 

Volumes  varied  considerably  within  height-crown  closure  classes. 
Practicability  and  the  extensiveness  of  the  first  Interior  forest  inventory- 
precluded  more  plots  over  a  wider  range  of  field  conditions  in  an  attempt  to 
reduce  this  variance.    Though  volume  estimates  for  individual  plots  may  be 
far  off,  the  equations  and  tables  predict  gross  volume  for  an  inventory  unit 
within  acceptable  limits.    Since  more  variability  was  encountered  in  the 
board-foot  tables,  crown  diameter  as  an  additional  variable  warrants  testing 
in  future  work.    Crown  diameter  may  strengthen  functions  of  height  and 
crown  closure  in  predicting  volumes  of  sawtimber-size  trees. 

Note  that  the  square  of  cubic-foot  volume  per  acre  is  used  as  an  inde- 
pendent variable  in  both  the  spruce  and  hardwood  board-foot  predictions. 
Until  this  term  was  included  in  the  whole  array  of  independent  variables 
tested,  only  stand  height  and  the  square  of  stand  height  were  found  signifi- 
cant, with  the  resulting  equations  of  very  poor  precision.    Thus,  the  cubic- 
foot  volume  of  a  plot  must  first  be  estimated  by  equation  or  table  and  then 
the  square  of  this  value  (including  its  inherent  error)  used  to  improve  the 
board-foot  prediction. 

Using  the  equations  instead  of  the  tables  may  have  some  advantages, 
but  certain  precautions  are  needed.    First,  if  the  equation  gives  a  negative 
value  it  must  be  set  to  zero.    Second,  for  spruce  board-foot  estimates, 
anomalous  results  are  obtained  around  5  percent  density  and  40-  to  55-foot 
height  classes  in  that  values  far  greater  than  zero  are  obtained,  yet  zero 
cubic-foot  volumes  for  these  stand  conditions  prevail.    One  cannot  have 
board-foot  volume  when  no  cubic-foot  volume  exists,  at  least  as  estimated 
from  an  equation  of  greater  precision.    Once  these  adjustments  are  made, 
the  use  of  the  equations  does  avoid  any  additional  bias  caused  by  broad 
height-density  classes.    However,  it  is  questionable  if  photo  measurements 
of  height  and  density  can  be  made  more  accurately  than  to  these  broad 
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classes,  but  surely  no  harm  results.    High-speed  computer  analysis  is 
usually  more  efficient  using  volume  equations  than  stored  volume  tables. 

Board-foot  estimates  are  conservative  since  included  in  their  prepara- 
tion are  data  from  stands  which  do  not  necessarily  meet  the  definition  for 
sawtimber.-^/    To  a  lesser  degree,  the  cubic-foot  predictions  are  conserva- 
tive in  that  not  all  plots  used  in  their  construction  meet  the  definition  for 
poletimber  and  larger  stands.    This  has  a  smoothing  effect  on  volume 
predictions  for  any  misclassified  plots,  however. 


Note  particularly  that  in  the  spruce  cubic-foot  and  board-foot  tables 
a  re-curving  of  volumes  occurs  over  most  height  classes.    Though  the  mag- 
nitude of  this  phenomenon  appears  great  especially  across  the  lower  height 
classes,  the  condition  itself  can  be  explained—the  tree  diameters  tend  to 
be  smaller  with  increasing  crown  closure.    This  same  condition,  though  of 
lesser  degree,  was  encountered  by  Pope. 

5/ 


4/    At  the  time  of  this  study,  the  definitions  were: 

a.  Sawtimber  stands.     Stands  at  least  10  percent  stocked 
with  growing-stock  trees  whereon  the  net  sawtimber  volume 
averages  at  least  1,500  bd.  ft.  per  acre. 

b.  Poletimber  stands.     Stands  at  least  10  percent  stocked 
with  growing-stock  trees  whereon  the  sawtimber  definition 
is  not  met  but  at  least  250  cu.  ft.  net/a.  in  poletimber 
and  larger  trees  is  realized. 

c.  Sapling-seedling  stands.     Stands  at  least  10  percent 
stocked  with  growing-stock  trees  whereon  the  above  two 
definitions  are  not  met. 

5/    Pope,  Robert  B.     Aerial  photo  volume  tables  for  Douglas-fir  in  the 
Pacific  Northwest.     Pacific  NW  Forest  &  Range  Expt .  Sta.  Res.  Note  214, 
8  pp.,  1961. 


4 


fO 
M 
CO 

tO 


O 

-rH 

0 


0 
O 

2 

a 

CO 
S-i 

O 

<+H 

CD 
. — i 

X 
rO 
+-> 

0 

£ 
p 
. — i 

o 
> 

o 

o 
x 
a 

■ — i 

ro 

-rH 
Si 
CD 

< 
I 


0 
. — i 

X 
rd 
Eh 


CD 
u 
CJ 
(0 

S— i 

CD 

a 
+-> 

CD 
CD 

o 

-rH 

XI 

o 


c 

CD 
O 

Si 

0 

a 

CD 

Si 
CO 

O 
O 
C 

2 
o 


x 

Cn 

-rH 

0 


•LO 

CO 


LO 


LO 


m^^pocoNcooo 


OOOOOcocmOcd 
co  co  cd  lo 

LO   o  LO 


o  o  o  o 


s  ro  ci  lo 

i— I  LO  O  "xt1  CD 
■—■   LO  O  00 


O  O  O  CD  CO 
CO  CO 
i-H  LO 


O  O  IV  CO  CD 
"xT  00  CM 
H  CO 


LO  ^ 
CO  CM 
i-H  "xF 


CO 

o 


O  CO 
"xT  IV 
CO  LO 


CO  CD 
CO  i-H 

cxi  <xr 


CO 

LO 

iv 

o 

CM 

CO 

LO 

LO  ^ 
CM  O 
i-H  CM 


CO  ■— I 
r-l  O 
IV  O 


CM 


00 


CO  O  CO  IV 
CM  CM  i— i  O 

cn  co  n  h 


o 
[V 


CM 


cm  co 

>— I     LO  CD 

LO   CO  > — I 


CM 


co 

LO  CO 
H  CO 


CO  00  CD 
CO  CO  CD 
CO   IV  00 


CO  i — I   O  CD 

CO    CO     ^  rH 

CM  CO   -xT  LO 


IV  CO 
LO  CD 
IV  CD 


i-H  LO 

CM  O 
LO  V 


CO 


CO  CO 
CD  IV 
LO  CO 


LO 


O  O  O  O  -xT 


O  CO  CO 
CD  CD 


CM 

CM 

1— 1 

1 
1 

1 

1 
1 

1 
1 

1 
1 

1 
1 

V 

CO 

CO 

CM 

o 

CD 

tv 

CO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

vj 

XJ 

vT 

<— t-4 

\J 

o 

LO 

o 

LO 

o 

LO 

o 

LO 

o 

LO 

CM 

CM 

CO 

CO 

■nT 

LO 

LO 

co 

CO 

i — l 

00 

o 

CO 

CM 

00 

<=T 

o 

CO 

CO 

CO 

CO 

CM 

V 

1 — 1 

CO 

i — i 

LO 

CO 

IV 

CM 

CO 

i — i 

LO 

o 

<^r 

CD 

CO 

CM 

CM 

CO 

co 

^ 

LO 

LO 

LO 

CO 

i— 1 

CO 

r— 1 

LO 

CD 

CM 

co 

o 

CO 

o 

CD 

CO 

CO 

IV 

CO 

CO 

LO 

LO 

<xT 

LO 

00 

CM 

CO 

o 

'xT 

CO 

CM 

co 

o 

CM 

CM 

CO 

CO 

LO 

LO 

CO 

LO 

CO 

IV 

00 

CD 

. — 1 

CM 

CO 

^J1 

LO 

CO 

IV 

i — 1 

LO 

CD 

CO 

CM 

CO 

o 

LO 

00 

CM 

LO 

00 

CM 

LO 

CD 

CM 

CO 

CM 

CM 

CO 

CO 

CO 

^ 

"xT 

<xF 

LO 

LO 

<xr 

CO 

CM 

o 

CD 

CO 

co 

LO 

CM 

CO 

CM 

1 — 1 

CD 

00 

IV 

CO 

LO 

<xr 

\j 

£\ 

f — ) 

CO 

L-O 

,__) 

vT 

tV- 

I  ^- 

t — s 
^— > 

CM 

CM 

CO 

CO 

CO 

CO 

LO 

CD 

LO 

1 — 1 

00 

o 

co 

CM 

00 

LO 

CM 

CO 

o 

CO 

IV 

1 — 1 

00 

i — i 

LO 

CM 

<*r 

IV 

CD 

i — i 

■xT 

CO 

00 

i — i 

CO 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

"nT 

■xT 

CD 

CM 

CO 

o 

V 

■ — i 

LO 

00 

CM 

00 

rv 

LO 

CM 

o 

CD 

IV 

LO 

"xt* 

00 

o 

CM 

"xT 

CO 

00 

CD 

1 — 1 

co 

LO 

1 — 1 

CM 

CM 

CM 

CM 

CM 

CM 

co 

co 

co 

-xT 

LO 

CO 

IV 

00 

o 

i — I 

CM 

CO 

LO 

CM 

LO 

CO 

r— 1 

00 

r— t 

[ 

o 

LO 

CO 

00 

CD 

o 

CM 

CO 

CO 

1  1 

1 — 1 

, — 1 

■ — i 

CM 

CM 

CM 

CM 

CM 

<xr 

CM 

1 — 1 

o 

CD 

IV 

CO 

LO 

CO 

CM 

CO 

i — I 

CD 

V 

CM 

o 

CO 

CO 

00 

CD 

CD 

o 

1 — 1 

CM 

CO 

CO 

LO 

1 — 1 

1 — 1 

i — I 

1 — 1 

1 — 1 

i — i 

i — i 

CD 

LO 

■ — 1 

00 

"xT1 

o 

CO 

CO 

CD 

LO 

i— 1 

"xT 

IV 

CD 

CM 

LO 

V 

o 

CM 

LO 

i — I 

1 — 1 

1—1 

. — 1 

CM 

CM 

CM 

CO 

CO 

CO 

LO 

o 

LO 

o 

LO 

O 

LO 

o 

LO 

o 

LO 

o 

LO 

o 

LO 

o 

LO 

o 

LO 

CO 

"xf4 

LO 

LO 

CO 

CO 

V 

V 

00 

00 

CD 

CD 

o 

1 — 1 

o 

1 — 1 

r— 1 

I — 1 

1 — 1 

i-H 

CM 
1 — 1 

CM 
1— 1 

CO 

0 

0 

Ut 

+-> 

0 . 

> 

•rH 

i-H 

1 — 1 

1 — 1 

ro 

Si 

o 

<+H 

m 

o 

+-> 

(1 

\*/ 

c 

-rH 

•> 

1 

o 

• 

o 

LO 

C 

CO 

fd 

CD 

X 

■xT 

■M 

O 

CO 

• 

CO 

i — i 

0 

+ 

1 — 1 

4->  CM 

o 

O 

c 

CO 

to 

CO 

XT 

CM 

B 

CO 

• 

4-> 

o 

CO 

1 

+-> 

O 

00 

O 

o 

CO 

1 

0 

^ 

c 

LO 

o 

00 

CM 

o 

1 

<+-! 

II 

> 

U 

II 

rd 

X! 

0 

Xi 

-rH 

CO 

£ 

-rH 

0 

£ 

X 

O 

X! 

> 

CO 

T3 

CO 

CO 

O 

0 

S-i 

X 

CP 

o 

0 

S-i 

c 

-rH 

O 

o 

fd 

S-i 

LO 

0 

p., 

-!-> 
CO 

fd 

> 

0 

r-H 

CO 
CM 


0 
. — I 
X! 

ro 


rH 

o 


cv 

CO 

• 

V 
CM 

C 

o 

-rH 
+-> 

fd  • 

p  co 

CO 

Si 

M-H  V 
LO 

0  ^ 

o 
> 


o 
rv 

V 

LO 

co 
Vl 
o 

• 

o 

CO 
CO 

ro 

■ — i 
fd 

0 


T3 


0 
B 


CM 

CO 

co 
rd 

r— t 

rd 

<+H  •> 

o  c 

^  $ 

0  HH 

o 

S-i 

0  * 

o 

CO  p 

0  CO 

4-  1 

f°  « 

C  W 

5  0 

s 73 

CD  +-» 

M-H  LO 
O 

4-H 

o  ° 

5-  i 

-H  1-rH 

0  K 

X!  - 
S-.  +-> 

rd  X 

c 

rd 

+->  X 


CO  Si 

0  ^ 

X  r-< 

O  rd 

Si 

0 
C 
0 
Cn 


LO 

B 
o 

Si 


LO 

4— > 

CO 

fd 
0 
• — i 

+j 
rd 

co  co 

0  £ 
0 

0  0 

-rH  U 

— «  fO 


rd 


CM 


O 

co  rv 
+-> 

c  *- 

q  o 

o  ^ 
O  rd 
+j 
X!  ro 

Cn  0 


co 
rO 
X 


CO 


CM 


00 


0 
Cn 
fO 

Si 

0 

* 


2  c 

Si  ,_| 

"  ro 


C 
O 

o 


O  3 


U 

r\ 
\J 

•H 

i  i 

i  i 
+■* 

CO 

C/] 

0-) 

■4—* 

1 — J 

rrt 

.  ,  1 

u 

CO  CO 

ao 

ro 

w  > 

u 

r\ 

4-1  CO 

coco 

ro 

CO 

X, 

\V 

U  4-> 

CO 

4-> 

o  co 

rrj 

o 

Li  CO  H 

u  < 

c  o 

JZ 

U  d 

V 

CO 

u 

• 

ro 

ro 

■M  CO 

0) 

CO 

u 

C 

CO 

o  . 

o 

CO 

« 

5 


CD 

Si 

O 
fd 

Sh 

CD 

a 

4-1 

CD 

CD 

4-( 

X! 

to 

O 
X5 


"  4— > 

£  ° 

fO  •— — ( 

CO  D, 


CO 


C 

CD 
O 

S-4 

CD 

cd 

S-4 
P 

0) 

jD 

'o 
c 

o 

S-i 

O 


CO 


en 

CD 


LO 


LO 


CD 
CD 


fO^\fnCONCDCDH(M^NH 


O  O  O 


in  o 


o  o  o  o  o 


O  O  O  CO  o 
CD  LO 

co 


O  O  -vT 

co 


co  "nT 

CO  CM 


■—I  CD 
CO  CO 


CD  CD 


CD 

CO 

in 

IN 

o 

CD 

i — I 

LO 

CO 

IN 

CO 

CO 

o 

N. 

IN 

1 — 1 

CO 

CD 

CO  LO  CD  CD 
CO  i — I  CO  *^t* 

co  cd 


CO  CO 


CO  1 — I  O  "vf 
CO  CO  CD 

"st*  "^r  cd 


i — I   CO   CO  LO 


CO 


CO 


CO 


CO 


CO  o 
CO  CD 

co  cr> 


CO  CO 


CO 

o 


Cn] 


LO 


■^r  co 

CO  CO 


■nT  LO 


co  -^r 
in  CO 

IN  CD 


co  "^r 


CO 


CO  CO 

CO  CO 

CO  CO 

i — I  CO 


IN 


o  o  o 


LOOLOOLOOLOOLO 


CO 

CO 

r— 1 

1 
1 

i 
i 

1 
1 

1 
1 

1 

1 

1 

1 

CO 

CD 

r— 1 

CO 

t-H 

CD 

CD 

LO 

CO 

< — ' 

ry~i 

CD 

CO 

O 

o 

CO 

o 

CD 

i — 1 

CO 

o 

CO 

CD 

i — I 

o 

CO 

1 — 1 

CO 

LO 

N. 

1 — 1 

CO 

CO 

CO 

CO 

r  [ 

1 

CO 

CO 

CO 

CO 

O 

CD 

1 — 1 

LO 

00 

o 

1 — 1 

1 — 1 

CD 

CD 

CO 

co 

CD 

CO 

CO 

in 

IN 

i  1 

CD 

o 

CO 

■xT 

o 

CD 

CO 

LO 

CO 

O 

IN. 

1 — 1 

LO 

o 

'  1 

1  1 

1  1 

CO 

CO 

CO 

CO 

<sT 

i — I 

LO 

CO 

CD 

CD 

N- 

CO 

o 

CD 

CO 

I  o 

LJ  J 

CO 

LO 

o 

CD 

in 

o 

CD 

LO 

in 

CO 

o 

o 

LO 

IN 

o 

CO 

LO 

00 

CO 

CD 

o 

1 

1  1 

CO 

CO 

CO 

CO 

■nT 

CT) 

o 

CD 

CO 

LO 

IN. 

LO 

CD 

CO 

CT) 

CT) 

CT  J 

< — I 

LO 

IN 

CD 

CO 

i — I 

IN 

LO 

CD 

CO 

CO 

o 

CD 

CO 

o 

CO 

LO 

co 

1 — 1 

^p 

CO 

CO 

1  ' 

1 

1  1 

CO 

CO 

CO 

CO 

in 

i — I 

IN 

CO 

o 

CO 

CD 

LO 

LO 

LO 

LO 

CD 

o 

LO 

CO 

CO 

LO 

CD 

o 

IN 

LO 

CD 

CO 

1 — 1 

CD 

CO 

CO 

CO 

IN 

CO 

O 

CO 

IN 

CD 

CO 

LO 

CO 

i— l 

1 — 1 

1 — 1 

1 — 1 

i — 1 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

1 — 1 

"vP 

CO 

CO 

o 

o 

CO 

CO 

IN 

CO 

1 — 1 

CO 

LO 

1 — 1 

CD 

CD 

o 

LO 

1 — 1 

CD 

CO 

CO 

CD 

CO 

LO 

CD 

CO 

CD 

1 — 1 

CO 

CD 

CO 

T  1 

CO 

CO 

CO 

CD 

LO 

O 

CO 

i — I 

[N 

CD 

IN 

CO 

LO 

LO 

CO 

c^ 

CO 

CO 

o 

CD 

IN 

CD 

I — 1 

LO 

CD 

^ 

o 

1N 

LO 

LO 

CO 

in 

CD 

o 

i — I 

CO 

LO 

co 

CO 

i— 1 

' 

r— H 

1 

1 

f  t 

CO 

CO 

CD 

CD 

LO 

CO 

CD 

CO 

CD 

[N 

CD 

o 

o 

CO 

CO 

CO 

CO 

CO 

CD 

Q 

CO 

\J 

CD 

LO 

CO 

IN 

r>- 

CD 

o 

1 — 1 

CO 

CO 

1— 1 

1 — 1 

. — 1 

1 — 1 

LO 

CD 

CO 

CO 

CO 

i — I 

CO 

IN 

o 

1 — 1 

CO 

o 

LO 

[N 

CO 

CO 

IN 

CO 

CO 

LO 

1 — 1 

CO 

LO 

CO 

1 — 1 

CD 

CO 

CO 

CO 

■nT 

LO 

LO 

CD 

IN 

CO 

CO 

CD 

CD 

1 — 1 

IN 

1 — 1 

CO 

LO 

LO 

■nT 

t — 1 

i — I 

IN 

CD 

IN 

CO 

CD 

CD 

CO 

CO 

IN 

in 

I — 1 

CD 

1 — 1 

IN 

CO 

CO 

LO 

1 — 1 

CO 

CO 

CO 

CO 

LO 

LO 

CD 

1N 

IN 

o 

LO 

o 

LO 

o 

LO 

o 

LO 

o 

LO 

CO 

CO 

CD 

CD 

o 

o 

1 — 1 

. — 1 

CO 

CO 

i — i 

1 — 1 

1 — 1 

1 — 1 

1 — 1 

1 — 1 

— i  n 


fO  CO 
,  CO 


+ 


CD 


V 


CD 


CD 


o 

•H 

4_i 

TJ 

co 

CO 

CT) 

c 

a) 

>, 

E 

•H 

f_. 

CP  CD 

m 

CL  O 

CO 

X  »H 

U  > 

• 

u 

o 

2: 

w  cn 

rrj 

CD 

CD 

f4  +-> 

CO  4-> 

o  w 

rrj 

O 

H 

&4  < 

c  o 

»  O 

CD 

u 

x:  • 

ra 

rO 

4-1  CO 

0) 

<D 

u 

c 

CO 

o  • 

2  DOW 

6 


<D 

Si 

O 
(0 

s-< 
0 

a 

4-> 

CD 
CD 
hh 

O 

-rH 
r£ 
P 

o 


w  tn  m 

w  n  d  m 

rO  £  ®  2 

m  a  G  3 


CD 

W 


LO 

CD 

lo 

00 

LO 

IN 

LO 

CD 

LO 

c 

LO 

CD 

O 

Si 

0 

Oj 

0 

LO 

p 

CO 

O 

. — i 

O 

c 

o 

LO 

u 

CO 

O 

LO 

CO 

LO 

r— t 

LO 

LO 

CO 

CD 

CD 

CD 

i — i 

1 — 1 

CO 

i — i 

«vF 

1 — 1 

CNI 

XT 

CNI 

r — M 

i — 1 

CO 

LO 

CO 

1  1 

1  1 

LO 

<xT 

CNI 

CD 

in 

i — 1 

00 

CD 

CO 

CNI 

. — 1 

CNI 

"5f 

FN. 

o 

r— 1 

in 

CD 

CD 

00 

i  1 

o 

LO 

CO 

LO 

I  1 

i — i 

CO 

CD 

cn 

00 

1 — 1 

1 — 1 

CNI 

rN 

in 

o 

r— i 

LO 

CD 

1 — 1 

i — 1 

I    I    I  I 


I  I 
I  I 


CO 


O  IN 


n  n  h 


CO 


O 

o 


CNI 


NC!lHlDlDHCI)(NIOHN 
r-fCDCOOCNICDCDLOLOCDt^ 
^CDCOCOONin^rONIM 


CO   CO   "vf   LO   CD   CD   IN   00   CD   O  i — I 


NOOMOOOONH^COOCOLO 
IN-LOOO^LOcDOOOCDIN^i— ICD 
LOOLOr— IIN-COOCOLOCOCNIO 


CNICOCO^^LOCDCDINCOCDO 


00  IN  CD  CD  CD  CD  IN-  00 
CNIOONCD^OIOOIS 
COCOLON-OCOCDCD 


r- 1  O 

CD  O 
CNI 


CO 
CO 


LO 
IN 


CNI  CNI 

IN  00 

r— I  CNI 


^  O  CNI 
^  CO  CO 
i — I    CO  CO 


IN    CD  CO 


CD 


CD  LO  CD 
CO   CNI  CD 


i — l  i — I  CO  00 
LO   CD   IN  CO 


r— I   CNI   O   CO  ■— I 

CO  CD  CO  CD  CO 
CD   CO  i — l   CO  CD 


CD  CD  CO 
CD  CO  CO 
LO   IN  CD 


O  CD  CD  CD  CD  N-  O  00  CD  CO  > — I 
O-r— I   CD       <    IN  CO   O   CD  CO  ■— I  CD 

O3C0C0'xr^tHLOCDCDN-C000 


C3  1 — I  CO  LO  00  1 — '  'nT  CO  CNI  CD  i — I 
LOLOCO-^rCOCDr— <CDr— 1LOCO 

OICSlrOM^'^lOLOCDNN 


LOLOr-HCNlCD'— ICDCOCOCOCD 
CD  CO   O   CD   O   LO  It— I  CO  N 
CDCOINOLOCD^CD^CDLO 

HNNrocon^^ifiLnco 


00   ^       I   CD   CO   CO   CD       I  CO   CO    CD  CD 

^roo^rHHooN^csicsi^cncD 
HrococncMLOcocMcoo^ooM 


o 

LO 

CD 

CO 

IN 

IN 

CO 

CD 

LO 

o 

. — 1 

CD 

1 — 1 

LO 

00 

CO 

o 

CO 

00 

o 

CO 

00 

LO 

CO 

CO 

IN 

CO 

CO 

■vT 

LO 

IN 

CD 

o 

CO 

LO 

IN 

CD 

CO 

LO 

00 

r— 1 

00 

1 — 1 

CO 

CO 

CO 

CO 

CO 

CO 

LO 

I— 1 

CD 

CD 

o 

CO 

IN 

CO 

i — I 

o 

CO 

CD 

LO 

CO 

CO 

CO 

CO 

CO 

LO 

CD 

CO 

CO 

LO 

CO 

CO 

CO 

CO 

LO 

CD 

o 

CO 

•nT 

LO 

CD 

IN 

CD 

o 

CO 

CD 

00 

o 

CO 

IN 

o 

1 — 1 

1 — 1 

i — 1 

. — 1 

1 — 1 

CO 

CO 

CO 

CO 

CO 

o 

N 

CO 

CO 

CO 

1 — 1 

1 — 1 

rN 

1 — 1 

CO 

CD 

CD 

o 

CO 

IN 

r— 1 

CD 

IN 

IN 

IN 

IN 

CD 

1 — 1 

CO 

IN 

1 — 1 

CD 

CO 

CO 

cni 

CO 

■xT 

LO 

CD 

IN 

00 

CD 

1 — 1 

CO 

CO 

LO 

CD 

00 

1 — 1 

1 — 1 

I — 1 

l— 1 

i — I 

1 — 1 

'si-' 

LO 

CD 

LO 

■nT 

LO 

00 

^ 

CO 

CO 

CD 

CD 

CD 

00 

o 

<NJ 

CD 

CD 

CNI 

LO 

00 

CO 

CD 

o 

00 

CO 

00 

CO 

1 — 1 

1 — 1 

1 — 1 

r— 1 

r-H 

CO 

CO 

CO 

CO 

CO 

<^ 

<sf< 

LO 

LO 

CD 

LO 

o 

LO 

o 

LO 

o 

LO 

o 

LO 

o 

LO 

o 

LO 

O 

LO 

o 

LO 

o 

LO 

o 

CO 

LO 

LO 

CD 

CD 

IN 

IN 

CO 

CO 

CD 

CD 

o 

■ — 1 

o 

I— 1 

1 — 1 
1— 1 

1 — 1 
1—1 

CO 

r— i 

CO 
1 — 1 

CO 
r-H 

V  ° 


0 


to  o 


rO 


^F 


II 

CO 

M 

ro 

S-. 

rO 

0 

+-> 
ro 

0 

s 

sid 

-rH 
+-> 

CO 

C 

0 

-rH 

Mh 

O 

me 

or 

p 
■ — i 

o 

rQ 

0 

> 

T3 

CO 

T5 

!h 

rO 

OS 

CO 

0 

-a 
c 

gr 

ch 

rO 
+-> 

re 

c 

-rH 

CO 

o 

o 

ro 

LO 

Sh 

LO 

CD 

0 

00 

a. 

+-> 
CO 

lea 

o 

II 

c 

o 

•rH 

+J 

rO 

■M 

CO 

CO 

lO 
CD 

+-> 

rH 

c 

(0 

>, 

E 

rO 

•H 

u 

CO 

<0 

» 

(X  o 

CO 

•H 

u 

rv 

• 

o 

cu 

CO 

CO 

ro 

CU 

V 

U 

4-» 

in 

■H 

o 

w 

ro 

O 

CU  H  S 

U  <C 

c 

o 

rC 

u 

-  o 

Q) 

U 

-C 

• 

rd 

ro 

•M 

CO 

0) 

<D 

U 

C 

CO 

O 

3 

a) 

+JC0 

rO  CC 


7 


W    05  co 


co 


+j 
C 

CD 
O 

S-i 

0 

a 

CD 

CO 
O 

o 
o 

5-i 

O 


CM  | 
+-> 

CD 

■fH 

CD 


o 

o  o 

o 

o 

o 

o 

LO 

CO 

LO 

00 

CD 

CD 

O 

CO 

CO 

O 

CD 

LO 

Cx] 

o 

1 — 1 

CD 

CD 

fx. 

CD 

CO 

CM 

CD 

CD 

CM 

xf 

CO 

CD 

LO 

1 — 1 

o 

CO 

CM 

o 

CO 

CO 

"xf 

CO 

LO 

CNI 

"xt1 

00 

CO 

CD 

CD 

LO 

CD 

CO 

CO 

i — i 

1 — 1 

1 — 1 

i — I 

CM 

CO 

'xf 

LO 

in- 

CD 

1 — 1 

o 

o  o 

o 

o 

o 

CM 

CO 

<xF 

<xf 

LO 

1 — 1 

CD 

CO 

CM 

CD 

CO 

■xf 

O 

1 — 1 

LO 

LO 

"xT 

o 

CO 

CD 

[\ 

o 

CD 

Q 

[X^ 

CSI 

CO 

Q 

"xt1 

CO 

IN 

o 

rs- 

1 — 1 

CO 

CO 

LO 

!  1 

o 

IN 

1 — 1 

IN 

■xf 

CN1 

CO 

CD 

CD 

CO 

oo 

■xT 

CM 

1 — 1 

1 — 1 

00 

LO 

1 — 1 

1 — 1 

Cx] 

CO 

•xf 

LO 

CD 

in 

CD 

o 

o  o 

o 

in 

1 — 1 

CM 

in 

CO 

CO 

CD 

LO 

CD 

CO 

o 

CO 

o 

LO 

o 

CD 

CD 

CD 

■xT 

CO 

1 — 1 

CD 

CD 

CD 

CO 

CD 

CD 

o 

Cx] 

CO 

IN 

CO 

00 

CO 

CO 

LO 

Cx] 

LO 

IN 

00 

CD 

CM 

CO 

CD 

LO 

CD 

1 — 1 

CN] 

■xT 

CD 

CD 

CN! 

CD 

i — i 

r^x 

LO 

CO 

CO 

LO 

CO 

1 — 1 

i — I 

Cx] 

Cx] 

CO 

"xf 

LO 

CD 

in- 

o 

CO  CO 

LO 

LO 

(M 

CO 

in 

o 

CO 

O 

CD 

i — I 

-vf 

o 

CM 

■xf 

LO 

^  CD 

CO 

o 

CD 

1 — 1 

LO 

CD 

in 

CD 

CNI 

"xf 

CD 

CD 

LO 

-xf 

CO 

CD 

to 

r  1 

"xT 

CO 

CO 

o 

1 — 1 

1 — 1 

CO 

o 

■xT 

CM 

CD 

CD 

■xf 

<xf 

[N 

LOCMCDCDCDCOi— HLOLO 
■ — 1  i — I  i — I  CM 


I  I 


I  I 


I  I 


CM   CO    xf   CD  CO 


O  CD 
O 
CN 


CD   O   "xf   CD  CD 
CO)  Cxi)  CD   "xf   C      O  IN 
CD   "xf   O   CD  CD 


CM   CM  CO 


ro 


CD 


xTCOCOCOLOCOCxJCx] 
■— I  ■— lCMCMCOxJ<LOCD 


COCMOCMLOLOOCDi— 1-xTCO 
COO^CDCDCMLO'xfCxlCOxf 

LONaiH^coNNincnN 


o 

"xf 

o 

CSI 

in 

1 — 1 

CD 

LO 

IN 

"xf 

1 — 1 

CM 

C*x 

CD 

CO 

CO 

O 

CM 

■xf 

CO 

LO 

CO 

CD 

o 

00 

CD 

M* 

in 

CD 

LO 

IN. 

LO 

CO 

CD 

CO 

a~> 

IN 

"xf 

O 

. — 1 

"xf 

CO 

CO 

CD 

CO 

CM 

rx- 

CO 

i — I 

i — I 

CO 

CO 

CD 

IN 

Cx] 

CM 

CD 

CD 

CM 

i — I 

i — i 

Cx] 

CO 

x? 

LO 

CD 

CO 

O 

CO 

CD 

CD 

CO 

CO 

CO 

i — 1 

1 — 1 

i—l 

i — I 

CM 

CM 

CO 

o 

CD 

1 — 1 

O 

"xf 

CO 

CO 

LO 

1 — 1 

CO 

IN- 

. — I 

1 — 1 

i — I 

[N 

CO 

CD 

LO 

LO 

IN 

LO 

LO 

CO 

■xf 

"xf 

o 

CD 

CD 

CO 

CM 

CO 

CM 

IN 

LO 

1 — 1 

CD 

<xf 

CO 

i — 1 

CO 

i — 1 

Cx] 

CD 

CD 

CM 

CD 

i — i 

CO 

CD 

LO 

IN 

O 

CD 

LO 

CD 

. — 1 

CD 

CSI 

i — 1 

i — I 

CM 

CSI 

CO 

LO 

IN 

CO 

o 

CN 

LO 

IN 

i — 1 

1 — 1 

i — 1 

. — 1 

i — 1 

CSI 

o 

o 

i — 1 

CO 

i — l 

LO 

CO 

in 

O 

CD 

CD 

CD 

o 

CM 

Cx] 

■xf 

CO 

CD 

CO 

CD 

LO 

i — 1 

o 

CO 

CO 

fx. 

i — i 

i — 1 

CD 

CD 

1 — 1 

CO 

LO 

o 

CO 

CM 

CSI 

CM 

i — I 

CNI 

i — ! 

CM 

CO 

■xf 

CD 

CD 

CM 

LO 

CD 

LO 

1 — 1 

CO 

tN 

CD 

CO 

1 — 1 

CD 

CO 

i — I 

i — 1 

i — I 

CM 

CO 

CO 

■xf 

LO 

CD 

CO 

CD 

1 — 1 

o 

o 

o 

IN- 

CM 

CD 

•xF 

. — 1 

IN 

LN 

LO 

LO 

CD 

LO 

CD 

LO 

CO 

CO 

CD 

CO 

LO 

i — 1 

CO 

CD 

in 

IN 

00 

Cx] 

CD 

CD 

CM 

o 

CM 

CD 

CM 

1 — 1 

CD 

CD 

1 — 1 

■—I 

CM 

CO 

LO 

CD 

CO 

■ — I 

^f 

IN 

o 

LO 

o 

LO 

i — I 

i — I 

i — i 

i — 1 

CM 

CM 

CO 

CO 

LO 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

o 

CO 

CM 

IN 

CD 

IN 

"xf 

CD 

1 — 1 

LO 

CD 

"xf 

o 

IN 

■xf 

1 — 1 

Cx] 

Cx] 

CO 

looloolooloolooloolooloolooloo 
ro^^LOLO^cDNscooocncnooHHtsiNco 


O    ffl  to 


c 

o 

■H 

rG 

+J 

CO 

cn 

ID 

cn 

-M 

i— 1 

c 

CU 

>, 

E 

rO 

•H 

s: 

Sh 

0)  <D 

#» 

(X  o 

CO 

u  > 

• 

u 

o 

+->  CD 

co  in 

m 

X. 

CP 

CO 

o  to 

ro 

o 

Li-  CD 

S-.  < 

c  o 

x; 

{-,  ti- 

-  o 

<d 

U 

x:  • 

+J  CO 

a> 

a> 

c 

CO 

o  . 

cu 

2:  :d  *o 

8 


GPO  985394 


